Background: Nosocomial meningitis is a rare complication following neurosurgical procedures and is associated with high morbidity and mortality. Aim: The aim of this study was to describe the clinical characteristics and the risk factors associated with mortality in patients who developed nosocomial meningitis following neurosurgical operations. Setting and design: Tertiary care hospital and an observational study. OR: 28.744, 95% CI; P=0.001) were the independent risk factors associated with mortality. Conclusion: The mortality in patients who developed meningitis was high. The high percentage of concurrent nosocomial infections was associated with a high mortality rate which was a serious problem.
Introductıon
Nosocomial meningitis is an uncommon hospitalacquired infection and is more frequently seen in neurosurgical clinics than in other clinics and is a life-threatening complication. Compared to communityacquired meningitis, nosocomial meningitis often has a more insidious onset, prolonged clinical course and is likely to be caused by resistant microorganisms. [1, 2] It is prudent to do lumbar puncture when the diagnosis of meningitis is suspected and the empiric antibiotic regime should be started according to the local guidelines, microbiological surveillance of local pathogens and resistance patterns of isolated microorganisms. [2] [3] [4] In this study, we report the clinical features, laboratory data, management and the risk factors associated wtih mortality in patients with postoperative meningitis who had neurosurgical operations in our neurosurgery clinic.
Materials and Methods
This is a prospective observational study and included 49 patients who developed postoperative meningitis among the 2265 patients who underwent various neurosurgical procedures between January 2003 and December 2005. Ours is a 750-bed hospital with a 39-bed neurosurgery clinic. All operated patients received prophylactic antibiotics, cefazolin or cefriaxone, at the induction of anesthesia.
Lumbar puncture (LP) was performed in all the patients with suspected postoperative meningitis. Cerebrospinal fluid (CSF)and blood cultures were taken at the same time. Infection of other sites was excluded by taking various cultures. The specimens were cultured on 5% sheep blood agar, EMB agar, chocolate agar. The anaerobic cultures were also done at 37°C for 24-48 h if needed. Microbiologic analysis of materials was performed using standard laboratory methods. Antimicrobial resistance patterns of isolated microorganisms was determined by the Kirby-Bauer disk diffusion method. [5] The initial empiric antibiotic regimen was based on the most likely etiologic agent, if necessary, treatment was modified depending on the in vitro susceptibility pattern of the isolate. The data collected included age, gender, date of hospitalization, whether the operation was elective or an emergency, clinical characterestics, medical and/or surgical problems, laboratory results, isolated pathogens and the antimicrobial susceptibility patterns, treatment results, and the outcomes.
Definitions
The diagnosis of nosocomial meningitis was based on the Center for Disease Control (CDC) criteria. [6, 7] The inclusion criteria were as follows: 1) microorganism must have been isolated either from CSF culture or from blood cultures taken during the initial diagnostic workup; 2) clinical presentation with acute onset of fever, headache, stiff neck, meningeal signs, cranial nerve signs, or irritability; 3) elevated white blood cell count and elevated CSF protein and/or decreased glucose; and 4) organisms seen on Gram stain of CSF. Patients who did not meet the above criteria were excluded from the study.
Each episode of meningitis was considered as one case. Recurrent meningitis was considered when the patient had more than one episode of meningitis. Cure was defined as disappearance of all signs and symptoms of meningitis and sterilization of CSF cultures within 30 days. Failure of treatment was defined as meningitisrelated death or a relapse. Contamination was defined as growth of any microorganism from a CSF specimen in a patient without clinical features of meningitis.
Statistical analysis
Statistical analysis of data was performed using the Statistical Package for Social Sciences (SPSS) for Windows 10.0 program. Results were analyzed using χ² test and Fisher's exact test. The risk factors that affect the mortality, which were found significant according to the univariate analysis, were evaluated by the multivariate analysis model. Odds ratio (OR) with 95% confidence interval (CI) was calculated. A P value of less than 0.05 was considered to be statistically significant. A P value of less than 0.001 was considered to be highly statistically significant.
Results
During the study period, we diagnosed 62 (2.7%) postoperative meningitis episodes in 49 (2.1%) patients among 2265 operated patients. The incidence of postoperative meningitis was 2.7%. Twenty-six (53%) of patients were male and the mean age (± SD) was 43.06 ± 25.6 years. The indications for surgery were intracranial hemorrhage (20 patients), intracranial malignant tumors (14 patients), hydrocephalus (13 patients) and traumatic brain injury (two patients). The operations were performed as an emergency procedure in 28 (57.1%) patients and as an elective procedure in 21 (42.9%), Thirty-one (63%) patients had external ventricular drainage (EVD). The mean period for development of postoperative meningitis was 7.8 days (range 3-21 days). Mean hospital stay was 46.5 days (range 7-289 days). Mean hospital stay in the neurosurgery clinic was 12.6 days.
While 40 (82%) patients had a single episode, nine (18%) patients had more than one episode and they were included in the "recurrent meningitis" category. Fever was observed in 45 (92%) patients. The Glasgow Coma Scale (GCS) score was <10 in 14 (28.6 %) patients. Twenty-five (51%) patients were stuporous and 14 (28.6%) patients were unconscious. Ten (20.4%) patients had bacteremia.
Fifty-three (85.4%) cases had leukocytosis with shift to the left, 51 (82.2%) cases had elevated erythrocyte sedimentation rate in the first hour, and all had increased C-reactive protein (CRP).
CSF cell count was 1000 cells per mm 3 Table 2 ]. Fifteen (75%) of 20 S. aureus isolates and all of CoNS isolates were methicillin-resistant (MRSA).
All patients received appropriate antibiotic therapy. For patients with Acinetobacter meningitis, meropenem (3x2 g IV) + amikacin (1x1000 mg IV) were used in seven, cefoperazone-sulbactam (3x2 g IV) + amikacin (1x1000 mg IV) in seven and ciprofloxacin (3x400 mg IV) + amikacin (1x1000 mg IV) in two. One patient who had received empirical cefepime (3x2 g IV) + vancomycin (2x1g IV) died before specific antibiotherapy was started. Nine (52.9%) of these patients with Acinetobacter meningitis died. Four of them were given meropenem treatment. Meropenem was also used in two patients with E. coli meningitis and both of them died. One patient with Enterobacter meningitis who had received empirical cefepime (3x2 g IV) + vancomycin (2x1 g IV) treatment died before specific antibiotherapy was started. For the other two patients with Enterobacter meningitis, meropenem was used and one of them died. For P. aeruginosa meningitis, piperasillin-tazobactam (4x4.5 g IV) was used in three patients, meropenem in two and ceftazidime (3x2 g IV) in one. Of them, one patient who was on meropenem died. Vancomycin (2x1 g IV and 10 mg intrathecal) was given for patients with S. aureus and CoNS meningitis patients. Five (33%) of the 15 patients with methicillin-resistant S. aureus (MRSA) meningitis died. Liposomal amphotericin B (3 mg/kg IV) was used for Candida meningitis. In consequence of late institution of antifungal treatment two patients with Candida meningitis died.
Of the 49 patients with postoperative nosocomial meningitis, 21 (42.8%) had at least one concurrent nosocomial infection. The distribution of these infections was pneumonia in 11 (29 
Dıscussıon
Meningitis and shunt infections are the most common nosocomial central nervous system infections. Most of all nosocomial meningitis develop postoperatively. [1] [2] [3] 8] In our study the incidence of postoperative meningitis was 2.7%. The reported incidence of postoperative meningitis was 1-3.5%. [9] [10] [11] [12] [13] This variable incidence rates are partly related to methodological issues like definitions and surveillance methods. Some studies included all craniotomies (i.e. clean, contaminated, and dirty surgical sites), whereas others select only clean craniotomies. [2, 14, 15] The reported risk factors for nosocomial meningitis include postoperative CSF leakage, intraventricular shunt operations, external ventricular drainage, repeated operation, amd emergency surgery. [9, 10, [16] [17] [18] This study had not assessed the risk factors for postoperative nosocomial meningitis, however, nosocomial meningitis was more frequently seen in patients who had emergent surgery or EVD.
S. aureus and CoNS are known to be frequent pathogens in postoperative nosocomial meningitis, particulary involving intracranial devices. Gramnegative bacterial meningitis is usually related to neurosurgical procedures or head trauma. It is usually hospital-acquired and the reported incidence has increased significantly in the recent years. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Both the widespread use of broad-spectrum antibiotics and the deterioration of the clinical status have been shown to favor colonization of hospitalized patients by gram-negative bacteria. In recent years nonfermentative gram-negative bacteria, most commonly Acinetobacter spp. and P. aeruginosa, have gained importance as hospital pathogens. [9, [26] [27] [28] [29] In the present study, the most commonly isolated agents were Acinetobacter spp. and MRSA. These strains are endemic in our hospital.
Treatment of postoperative meningitis is based on the same general principles guiding management of community-acquired meningitis. Initial empiric antibiotic therapy should achieve adequate therapeutic levels in CSF and cover aerobic gram-negative bacilli including P. aeruginosa and S. aureus. When CSF culture reveals a particular bacterial pathogen, treatment should be directed towards the specific pathogen depending on the sensitivity. [2, 4, 8, 23] In our study, treatment was based on antimicrobial susceptibility results of isolated pathogens. Two patients with Acinetobacter meningitis received ciprofloxacin because these strains were only susceptible to ciprofloxacin.
Nosocomial meningitis is a severe infection with significant morbidity and mortality. It is difficult to establish how the infection affects the mortality in neurosurgery clinics in the presence of concurrent medical problems. [3] The type of microorganism that caused meningitis, primary brain disease, initial consciousness level, very low CSF glucose concentration, presence of bacteremia, inappropriate antibiotic use are reported as important risk factors of mortality [9, 10, 20, 29, 30] In our study, the mortality was high. On logistic regression analysis the independent variables of mortality were level of consciousness (GCS <10), presence of concurrent nosocomial infection, and CSF glucose level <30 mg/dL. Our results suggest that one should look for the presence of other concurrent nosocomial infections and it should be effectively treated as it is likely to be associated with high mortality. An effective infection control program is necessary to prevent nosocomial infections.
In conclusion, postoperative nosocomial meningitis should be suspected in patients with a new onset fever or an unexplained change in neurologic status. Early diagnosis and choice of appropriate antibiotics according to epidemiologic trends are the key issues to reduce mortality and morbidity. A good surveillance should be in place in postoperative care patients to diagnose, treat and prevent these infections. 
